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Abstract 



PURPOSE: To provide a method of manufacturing a semiconductor memory device (DRAM) 

more enhanced in degree of integration exceeding a prior art. 
: CONSTITUTION: A stereoscopic SOI(Silicon-On-lnsulator) structure Is formed on a part of a 
^ silicon substrate, and a capacitor and an insulated gate field effect transistor channel forming 
j region are formed in one piece inside the SOI structure. The channel fomning region (130a, b) 

of an insulated-gate field effect transistor is formed on the side wall of the stereoscopic SOI 
; structure, the drain (or source) region of the insulated-gate field effect transistor is formed as 

continuously connected to the channel forming region, and a capacitor Is formed overlapping 
^ with the drain (or source) region. 
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1 

+ / v> t tr p< t u -MMmiSLt n-5¥#»BBtt«Htr 

->U3>Sfi©-ffi»c. ic«JW:ft so I (S 1 1 1 c o 
n On I n s u 1 a t o r) WigitJgjaE^n, 

iEi8&y- h h 7 > i^x -v ^i^i'jg^® 

v''Ja>S«©-8B»C. StftWJ&SOI (S i 1 i CO 
n On I n s u 1 a t o r) ^«iS^4<}gfi^$n. C© 
S[«J69;a:SOI«jgB. S9E-> 'J 3 >Sfi®-gSlr. ^■ 

m\-)s c:©iS68®rt^Eicl&@t@*a:itsc:t»cJ;oT 

WSiSKlctt. ill3->U3>SK©^ffit**l.TSii;^ 

v»TS»t enfcffijiBS 1 ©««ita»f*® 2 

t. i3iEsi®®^©^ss:aoTistte.nfcy-hie 

C©y-h*eiBtKlw»lxTJP^Sn«:f-h« 

M8B» 1 ©««*<ffliiBttsy-- vrnm^^k V V yvx 
©? Y ^)mmmim^ u. 

2 ©giUS©, fflSII 1 ©MJgS^: jSfil:^ n&eB^;!>i 
g9iEfflSy-hS®5f»«h7>i^X3'©HH'> (* 

J;-3T. •?-©->'j3>S«&mi®>'-HtU BflffiJS 
^^(c*5^^^)®2©M«*m2©y-H^:b. fiE-^Un 
>Sffi t S5Sm 2 OffiiSt©Pfllr^hS-r5iig*&i@i® ^ 

t / v> t T t 'J -t n-5 *»*E1SS® © 

^ffid^^gt^lc J;-pT«*3nfcv'; n >SS©-8Blc. 

^nmu^^m^. -e-®«e(©i^SMic(ge@&^^-r 
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2 

^©j8S?©JicaiC, :Ftt!&*t h'-T'^jn&H 1 ©7t;P 

tJS-> 'J 3 >SS©gE!£S-583S»M©-S?lcfflP 

assisitT. gtiia->'j3>sfi©^ffio-ffi*tBfflL-fc 

■€•©->- H««Sav», ffilEJ8aKffliJg5/U3> 

1 ©7t;i/7 7X'>'j 3>@icsfirrsm2 ©Ttji'^ 

HIBXt:^'4^->-\rJl'«g (So 1 1 d Phase E 
pi t axy ; SPE) S±C-&U*T, *ieSv'U3 

oT. fl(IIBmJga->U3>l®. flia->U3>S«®^ 

t((t3vU3>Sffi£0f5£Sfi:lcSig?U ^e®v'j3>S 
fi*®l®/-Hi:l/. ilE)f}8?®tiJI2^ieS->'j3> 
® ®i£ff®8B»*S 2 © y - H 5+ v/-^ 

3 >»«©«ffl*ffl'5iaRiia±tcME»iiay- m 

^®M'>^«5ji©=^^-v/v>^tt, m^mmzmi^-^n 
fcWtB-> U 3 >3«£S 1 © y - H t b. taE-> u 3 > 
££(=§S(ten;rcffi©i^s®ic^^dny^»»@&siii 

ilEi«©l*I^ffilC®{£3n;fcitei&®lcSLTi» 
©rtg?lc3S«3n, IfJStfiigy- h 7 >-:^ 

X9<0VU-(> (S&tty-X) (c8SiK3n/5:»«:^£ 
40 m2®/-HtUTSlJS*nTH-5iitS1$ISfr5* 

V/V>^'tTpttU-fe;W«)««n.5*»«:Ett8H© 

S® A'itei&K »C J: Tat>nfc -> U 3 >S«®-SSlc. 

t>r>i»ffl>&)^^t. -€-©««{©[^s®(ci»iB)ia$)^«-r 
u 3 >££©^® s3Ei&gei®-gsicps □ 

50 «8SrK»tT, fflrE->U3>S«OS®©-»*tB|ijUfc 
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(3) 

3 

^JV^& (Solid Phase Epitaxy; 

SPE) ^^ci^Ltb. jeaii€:wr^vua>@^^ 

m^'yuuy&mmMmmzt^^u ■tcovg3>it 
^ i: s ;i t ^4*a t -r ^*^fl^Ki8se 

[0 0 0 1] 20 
[0 0 0 2] 

3\Z7^'^n^Xo\Z. nUOShyyi^T.^ (Q) 
•^/V>:$^ (C) t^mSi^iX^o 

[0 0 0 3] mi2\t. ±mo^^/^i^^ (c) tbx 
[0 0 0 4] ;i0pcqBU-fejm. vU3> (s i) sffi 5^; 

^>®^(KW>, V-X«^) 720 a. 720b 

vU3>;0^e>;5:Srtffijmffi7 6 0 
it, SiO2K7 5 0t. n*t2;«®A^^;5:^^ffl!lflffi7 

3 0(i:T«i^$nTVi^) i^m^-^nxm^-^n^. 

[0 0 0 5] hUy^^^J-^i^^O^m^U (nO 7 
3 0«, MOS h^>i^X^<DM^>^=^^'\'/V>^'Jca 

7 2 0 btCftjSbTJ^fS^tlT^^i^o 
[0 0 0 61 M^>^+^/^>'4'<Drtfflaffi7 6 

0«7-X«&IC-r^i£:^S7!i^*^fcJ6. n>^^h:Jx- 

;^$^^LT7;^^::lIl.•i?A (ad affi7 7o 

[000 7] 

fiE*co h U >5"+ A' /XviJ' ^ U + 1- M v^' t r S D 
(j8) <0^Vffl&«r)ffltfJ:5(cKVt6n;IS:n 50 
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(7 3 0) ;&^^;^oTl^iS. 

[0 0 0 81 U;lh3^<oT. ;*^U-fe;i/tt. n*i£«S 

(7 3 0) EoVi)mmvfi^'^^o\zmmrrz»mLx 
&mLu\,m\iu^r (012). v-vv^rij^st-r 
^mzmwm:<Dmmzfx^x\,^^. 

[0 0 0 9] ^Tz. ^tf^.0CtX$>^f)^. DRAUO)^ 

^mifit>^. j£k±(Di:^ummzx^. «e*a>^^u 
±mmx\t. mMmit\z \t-is,(om^f)^$> o it. 
[0 0 10] :^^m\tc(o^oumk&m(ommmz& 
^xf3i^ntzh<oxs>r). ^(osmi. UMm(om^ 
^m^x'^^\z^mmit^m-:>rz^mi^i^mmmi3.6U 
\z^0nm:sm^m^t^^t\zsb^. 

[00 11] 

[0012] ( 1 ) m^m 1 $m(o^mmt. tmy- 
f)m^^n^^mi^m^mmx$>^x. '>U3>ssco 

-SBtC. ffift^MJfeSOI (S i 1 i con On In 
s u 1 a t o r) «ii*tj^^$n, 2:<Z)fiffW;^S0 I 

^^hy>i^7.^<D^^ ^jmikmm^-t^it^nxm 

(of^:^)m^mm^. mi^iLmrjiSoimi&\zm 
m^mzm^'^tixu^z.tmwitt^. 
[0013] (2) m:^m2(Di^mM\t. m7mi\z^ 

[0 0 14] (3) iS*a3(D*^§g«. 
IC, iCtt^W:^ S O I (Silicon On Insu 

i a t o r) mmm^^n. co^t^^y^^so i mik 

&m\zmmm^m\'f^:it\zi:r:>xm0L'^nx^^. aa 

mz^'Dxmn6tirzmi<Dmi$.t. m^(Djs,m\z:^^^ 
xwL^f^ntzm^m 1 <^®^icai»-r^^ 2 (^s^t. 
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(4) 

5 

[0 0 15] (4) fg*3i4 icia«o*%^«. tbmy 

•r^HffiXhr5^4^i/^;U*3cg (Solid Phase 

EDitaxy;SPE) ^±V^^V^r. m^^i^ 

^j3>m^m^xmt. ^0mm^i^')zi>m(Dmm\z 

[0 0 16] (5) a*JS5<0*^am «j&y-h^ 

i^x^c^Hi/^> (*fc«y-x) iis^^o^^r^r^?^ 
\zm&t^nft»aiB\z»Lxm(Dp^mz^mtn. mm 

[0 0 17] (6) a!#JB6 02f:»M«. IB«y-ha 50 



!|$li3F8-2 742 7 7 

t. mmz^^)zi>&mmm^mommmmm<D-mz 

^m^X\^^^-y^)ViSL& (Solid Phase 
Ep i t axy ; SPE) ^rtCitb*. I^^&^^t 

m\z^m^mxL. mm\z%mtiitmmi^m 

[0 0 18] 

[f^ffi] 

(1) 1 DRAU<D/^^U±)l^ 

vm\^\z-f^m\zm^vx. vm^m^rzsomt^m 
jg^f^^feu Moshy>z^:^^^m<Dmmmzm&r 

So 

[0 0 19] c<DJ:5;^a:fl^«^S0Hf!ji(Z)afflJcJ: 

[0 0 2 0] r)^o. son»jajcj:ntrF*o>'U:3 
>&mz\tm^i)m^^nfs,\f^tt^b. c:<D5>un>ss 

[0 0 2 1] c:©#m2:fi;0^LT> ft* (^SV^^ffiO 
[0 0 2 2] UOShy>-J7.^<0^^r^)Vm^ 

miA^mmp^(Dmmm\zm^^ti^rztb\z. ^m^u 

[0 0 2 3] z(o^z>uiS}M\z^ox. m^xm^mm 

[0 0 2 4] (2) m^m2(D^^mx]ts ^^^)m 
&mmzm^iyx\^u^> (v-x) mmm^-^n. 

[0 0 2 5] Ltzii^oX. m:0^of3iMOShy>y> 
0, ^1t. vU3>S«a«^*^7-XE«<0!9:B«:«;fe 
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(5) 

7 

[0 0 2 6] CKOJc^&aSlCckoT. ffi«>Tia«^i«Sl 

m^ftsoi mm^mm Lxm^m i . 2 icib*©*® 

^m^-r^. LTcii^oX. ±i&<Dt^Ki. ffi*TiftVift 
[0 0 2 8] -rUt:>t>. ^^mx\t. hU>^^^/Vy 

[0 0 2 91 (4) i[*]S4 0D*%BJT«> VUZIXO 
affix tf5'^v^;Ufi£:g (SPE) «:ffli^iT. 

[0 0 3 0] ->»J3>C!)@fflXtf^^'>^;!/fiK^ (SP 

E) icMLT«. y^mmmAf)^9c\zm^Lr\,^^'^m 

(#H¥6- 1 9 3 6 0 4^{cBB^$nTVi^ftJI5) ^ 
fiJfflT#.5. iieiT, SPEJcai^iTHl 4 (a) - 

(d) ^m^T^(Dms^mmLx:i^<. 20 

[0 0 3 11 014 (a) lC*$n^i:olCvUn>m 
HeSSffil 0 0 0±ICS i O2KI 1 0 OSJ^^U * 

ti. (b) ii^fct^ii. s \ oimo-m^muLx 

1 2 0 0 a. 1 2 0 0 b ^r^^jS-r-S. 
[0 0 3 2] m^X (C) (Di'Slt. 7^JP7tX5/.U 
n>(a-Si) 12 10<&««[U Sf^oaS 

tfeoot:) xm^m^mt. 
[0 0 3 3] -r^t. fflt*i«j*^t;tc«*fpjn@ffixt! 

1 zooim^n^. 

[0 0 3 41 Z.<D^^. SPElCctoTgJ^WlCtl^n 

^ig^ji, yi^(r>mm(omm^onhzti)m^fix 

Rj&ts i3N^0i:#tC«, SPElC<fcoTf§e»n^teS 
[0 0 3 51 vU3>SK{r^^t^nfc?S<7)l^ 40 

ai*enrcv-*Hfip^s^tLTSPE^^i;itLi!e). 

[0 0 3 61 :^l5mz^fl\i. MOS h^>vX^<i:^ 

\ni^^t^^^^^\z^^m^%xt. m.(o&.um% 
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[0 0 3 7] mim^(Di^w^x\t. m^mi-- 
3o>m&\z^ir^m&thx. DRAMOjpt^u-t;!/^ 

[0 0 3 8] cinicio. YX/y'i'^^nz/^ifimkx 

[0 0 3 9] "3^0* hUy'^^^r/^^^^flR^mM- 

)v^xm^ht^zti)^xt. ^rc7-:^mm^^^\zt$. 

[0 0 4 01 (6) m^m6(D:^mmX\t. M*3S4(0 

*a t mm\z s p Eatfi&ftjffl lts^js 5 ©w® 

igLXt^o 
[0 04 11 

xmmt^. m 1 «*36W<0¥««cfB»KH(Z)-*JSW 

[0 0 4 2] s^ijba&JcSiK^nrcvu 
n 1 0 0 \zmu 5 0 iim^^n. -e©«a 

rti5Si02Kiio H) \z^y)mt>ti. i/un>s 

ficOiSffittS i O2KI 1 0 (7) lCckOfit)nTVi 

[0 0 4 31 C:n^co^j&K±IC«. n*®12 0, ^ 
^^;l'?^^ffl^l 3 0 a. 13 0b, n*^lSOi)m 

T> 13 0a. 130 b±\Z}ty- htm 

hSffil 6 07&t?^^$nTVi^, 

[0 044] 5/ U 3 >StR©^ffi±JCtt® W«SR 1 7 

03?>^?^^$n> -e©±k:A imffii 8 0;&tEg$nTVi 

*®1 5 0ir»jR$nT(<^^>- 

[0 0 4 51 z(D^^u^mi&\z^n\:s:. m2\z:^\^^x 
±^mx7^tEn^^o\z. mommizt^-Dxwt^^^ntc 
^^^jim^Lf^^^h^uoshyyi^Ts^Qt. m& 
mz^i^^xmn^n. -mmmnrzhuy^^mc 

^m&ti>uos hyyi^7.i^t^^/^y^tf)^v^m 

[0 0 4 6] **lfiWC«. DRAMO^^U-fe;^** 
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(6) 

9 

(C) ifi. MOS h^>vX:$'0+^ 

[0 0 4 7J ^1t. +V/V>^^(^-ffi (^10/-H) 

2 0<hffil^$n> S iSffil 0 0S#: 

[0 0 4 8] t^1t. DRAM(0>C^y-t:;V*«}jK'r^M 

OS vyy'y7.^^\}^MtLV^so\m^&oym^mz^ 

[0 0 4 9] $6«CU^S5i{*:SO I«ig«SPEft^B 

^x}^^^y^)v^m^^-7.\zLtcso immm^^ 
mm^mmm\z\^±.'^'^^^tti^t^. 

[0 0 5 0] *lC*^Jg«(OSIig*ji«>-M$0 3-0 it? 

[0 0 5 1] ^"f. HSJC^rJc^lC, SimiSSSK 
1 0 0\zmmt^<D:fn±7s\Z^DS 10 2^110 
(7) ^0imL. 'A\Zs RIE (U7^7^^:/^^>x 

[0 0 5 2] 'A\zm4\Z7ntXo\Z. hU>^SO0}^ 

mz. mmitm(0'fa±7.\z^o. siOzKiio 

[0 0 5 31 V-:/}^7^)lyr7.S \ (a-S 50 

i) 3 0 0^^KU m^^T. RlEm^fi\^^hU>^ 

&m\z(D^7^)]^y7X H'-:/HS i ^a-T- 

[0 0 5 4] ISV^TS i O2^0-g5^7:t hUV^^ 
7^-i:R I Ell?lCcfcOI»*bT. MP (x-H) 6153 

1 0 ^mm^. 

[0 0 5 5] :k\z. mS\Z7Fi^^^\Z. 7^:;i^7rXS 
i (a-Si) 4 0 0^^L. ^mO)Xy^>^\Zj: 

oxw-mtLTcm. SPE (si@ffiig^^fi) mi\z 

^DBIP (S^-H) 6S3 1 0$ejai:LTBfflXtf^+ 

^, tig6s»ci{^oT#*sfi®i 3o^?^^-r^. iinic 

0, MOS h^>vXi$'i:-e(0Te5JcES$nTli^ + 
[0 0 5 6] ;5:*5, 0 5(C:feV>TJ^*-r*7^;i/7TX 
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10 

[0 0 5 7] m^f^m^frotz^^iS^gi&t^ 
ikitS \mo^^Um^R I E^lCckOSS^U S 1 
OiK&^Kb^SJ&S ! OzKffii^^R I E^lcJ:DI» 

suLTzm 8S3 lot^'j'^mmm^s i 

0m^m&t^fti^\z. E«ieBi>ic$)fc^s i oiK^: 
R I E^iCckoi^Sb. s \ozm\zm^m&^^. ^ 

[0 0 5 8] :;*:lc. setc^-Tcfc'^Jc. y-hKikKi 

4 0i&l»Kft:^oyD*feXJCiD^IKL, m^Ty-h 
SffitftSPo 1 y-S iK*CVD^o:/Di:XlcJ; 

0^^b7:t hUy^^7><--tR I Em\ZXriiQX 

u h p o 1 y - s i as 1 6 0 (^^rs. 
[0 0 5 9] iE-cDS, y-hnmtzn^^u<mm 
x\zxmmt^o mmz. mmmim (e^jA^^BPSG 

1 7 0 A lUffi 1 8 0 ^JgfiEU, y'/UXfi^X 

^$>f)^^ me) 0 

[0 0 6 0] ^tc. ^mmo^mo^mm^z-D^^^xmr^ 

i^X3^^¥®WJ^SOI«iSTffl«U -^S, DRAM 
O^^U-feJl'^«^-r^M^>^+r/V>^ (C) ^> 
MOS h7>vX5'CD. +t/^v^lCglR$n^'<^n 
*®« (Kl/^> (y-X) 4 2 0(OitTtcS@ 

brzh(ox$>^. 

[0 0 6 1] bU>^+^/^->3'«, >'U3>S«10 
0lC}^«$nrcl8fiS5 OOrt^ffilCffi&Kl 1 0 (^) 
^J^figU -?-(Da?g85 0i£*UvUn>@4 3 0TaJ6 
atr 21 i: tc J: o T?^J«$nT(^i 

[0 0 6 2] *||JS«^T«. MOS hyyJX^CO^m 
tf]r3:^mmm\tnmx^^\^^h<D0). ^^rn^^fi^n^ 

(Hu^> (y-x) 42oa:S;^o&t>o 
[0 0 6 3] *;rc. ^m<Dmmmtmmzs i&mo 

0aft:^+V/'^>'^'O*MBoaffitLT«a«ffi 

mfi) \zmt^vx\^^^ft^. m^(DXo\z9ym^mm± 
(Dtkm^&±'r^rztt>\z'^-i^>^Wi»^£^^i)^u < . 

tii^X^^. 

[0 0 6 4] ^tz. 7-XffiiS:i3j:i;^^/1>'^<^rt«S 

[0 0 6 5] *IC, *^iSMOfflaa:^ft(O-WS:08- 
01 l^ffiV^TiKMf*. 

[0 0 6 6] H8JC^fJ:3tC, Sl«l6aS« 
1 0 OICjR»ftl?<o:/D-feX»Ci:DS iO zKl 1 0 
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n 

(7) S:fi)tKL. m\^^X. R I Em\ZJ;:OhU>^ (« 
SB) bO^mgLt^. 

[0 0 6 7] ^*:icS9ic:7K-ri:^lc, SlggsoortSffi 
ICS i3N4Kl 1 0 H) ^iSMV. COS isN4K® 

[0 0 6 8] ^bT> S i OiKl 1 0 (7) c^-SB^ 

(i/-H) fiB5 0 0^?^«T<5 (09(^Tflla)B) . 

[0 0 6 9] *IC. ai OlC^-fck^lc:. SPE (S i 10 

[0 0 7 0] Z.<D^. S \il^im± (hU>^^^/^zy 

4 3 Q*^^S-r^. S i 02K-tJCllv'U3># 
1^1,14 4 0;^|t^g-r^<. 

[0 0 7 1] ilO^, ^i^^>8tCOrci6^fe^^:^$'&fc 

5 \ m^R I E@JCj;DB^*tT^^4>«fl9MD5 1 0 

$B5^^R I E^IC<i:DR^^'r^;itCj:Dia9(^X^T?^ a? 

[0 0 7 2] ^^(c. lai u-^t-i;^ic> y-hi^mm 

(SiOziK) 1 4 0$«iK{b^cDyn-ir;^fr.fc0^l^ 

L> j^l^T. y-hmmtfS:^Po l y-S iK^CV 
I E^lCjzOiDll/, y-hPoly-SiSffiieO 

[0 0 7 3] ^<D». V-:^/HU^>®«^&SiSS 

flf®«4 2 0^^:t>aAl',i:0?^fiEL> grp^jSig^^ 5i? 
B P S G^) 1 7 0 a:. A 1 Sffi 1 8 0 

[0 0 7 4] ^^m^mmm^m^^xmmbrz 

[0 0 7 5] sio^sfi0iiTtt. m&<omm\z 
Mos hyyi^7.^^m^vrzf)\ ^s^k^ut, 3 
*7cx/Hxcols<D^K^^^wMos hy>z^7.^^m^b 

iL^^^SOlmm^\ZUOShy>z^y.i^'^^^/\z^^ 40 

[0 0 7 6] ^ft. ±m(o:SL»t^^so\mi&om^(o 

[0 0 7 7] o^D, SO I lIPi-r^yD-fe;;^s^fi$« 
ffl LT 3 *7C«?^D R AM-fe;i/€:ffl^-r ^ i: -5 <hT 

[00 78] 59 
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[0 0 7 9] ( 1 ) 1 <D^Hm-n\t, iL^ffjUS 
[00 80] (2) mjkm 2 

[0 0 8 1] ( 3 ) 3 ®*^MTtt, h l'>5'* 

ffl v>fc s o I ffliisfijffl vxm^m i . 2 fcE«®«!js 
X ®i(if^tcit»»»sRSs *na^^®s«s* < f-a 

[0 0 8 2] (4) BI«Ja4©*55Mrtt. '>'J3>0 

Bffixbr3'+->-\';i'fieg (SPE) ^fflviT. m^mi 

~3 H*:a3) ®SO Iffljg?£*S-r-5. *:» 

MOS l>7>vX^t+^/V>:J'i:«aS 
B^tC.tDJg^T#. ffl5®fi@B8#®-7—;?>S55lt 

[0 0 8 3] (5) ll*a50*«WPtt. g|*«l~ 

3®filiglC«PT^)«iigtbT, DRAM®^*>J-t;i/?£ 
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[0 4 ] 0 1 ©lltg«q©«tii&B]i-r S:/i:i6©m 2 ©X 
g**-r0 (±«<»iffi0. T{ll*W®0) Tabs. 
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